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Abstract. The extrusion screw process is used in food and agricultural industries to make a variety of 
products and combines a several unit operations including mixing, cooking, kneading, shearing, 
sheaping and forming. The process can be used to make different types of products like cereal-based 
products, sugar-based products and protein-based products.    
 




Extrusion is a process in wich material is pushed trough an orifice or a die of given 
shape. The pushing force is applied using single or twin-screw extruder. Extrusion processing 
of food materials has become an increasingly important manufacturing method, and its 
application have broadened substantially in the last two decades (Karwe M.V., Food extrusion 
vol. III). The principles of operation are similar in all types: raw materials are feed into the 
extruder barrel and screw(s) pushed toward die and cutter. 
From transport phenomenon, extrusion process can be a combination of several 
processes such fluid flow, heat and mass transfer, mixing, shearing, particule size reduction, 
melting, texturizing, caramelizing, shaping and forming of different types of product (Karwe 
M.V., Food Process Engineering). Depending of the product, one or many of these processes 
will take place in an extruder. 
A variety of products such as breakfast cereals, pasta, snack products, candy, pet 
foods are made using screw extrusion processes. 
Extrusion is a continuous process, it’s flexible because on-line process adjustments 
can be made to achieve desired product characteristics. There are many advantages of 
extrusion processing comparative with conventional cooking processes. On the other side, the 
same extruder can be used to make different types of products. Better process control 
strategies have to control the thermo-mechanical changes during extrusion to achieve desired 
product properties. 
The popularity of extrusion technologies are increase in last two decades because of 
the following reasons: 
 can obtain a wide range of products that do not come easily with other 
technologies but by replacing components can be obtained by extrusion;  
 extrusion cost operation has lower and higher productivity than other heating and 
forming processes; 
 extrusion operation involves high temperature applied for a short time retaining 
many heat sensitive components of a food; 
 costs of extrusion operation are lower than other operations like heating and 
forming processes in food industry; 
 faster time processing reduce energy consumption. 
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MATERIALS AND METHODS 
 
An extruder represents a very complex operation in wich various types of food raw 
materials with different moisture contents and viscosity are treated under high temperature, 
short residence times and high pressures and forces. 
During the extrusion process, the treatment of the material consist of mixing, heat 
and mass transfer, sterilization, cooking, kneading, shearing, sheaping and forming and finally 
extrusion through a die appropriately designed to form and dry product under expansion and 
rapid fall presure (Akdogan, 1999). In the course of conveying, the raw material through the 
extruder by screw-turning, mechanical energy is created and turned into heat, wich is 
transmitted to the raw material. The raw material is thus converted to a highly elastic mass 
wich is exrtuded through a die (Chinnaswamy, 1993). 
In warm extrusion, cooking temperature are between 120...180 0C and pressure 
between 12...25 Mpa. The barrel and dies are cooled or heated as required to mantain the 
desired temperature. A high-temperature-short-time (HTST) procedure is one wich uses raw 
material short resistance time, high temperature, high pressure, large shear forces and 
intensive mixing for the raw materials (Zheng & Wang, 1994). Under these condition, in raw 
material are happent next phenomenon: the protein denaturization, starch glue formation and 
plasticization of the complete volume. The evolved plasticized volume expands through the 
die due to a rapid fall in pressure, to form an extrudate with characteristic properties. (Cai et 
al, 1995). 
In figure 1 are shows a comparaison of the food extrusion process with other process 
on a diagram with temperature and resistance time as axes. It can be seen that during 
extrusion, the food material may be exposed to temperature as high as 200 0C. The exposure 
to such high temperature  can be only 1...10 seconds. 
 
HTST extrusion makes it possible to manufacture a large variety of products. When 
are produced by modern extrusion technology, the various types of extrudate are produced in 
very different shapes. These depend not only on processing condition but also on the size and 
 
Figure 1. Time-temperature behavior of various food processing operation (Krupp 
Werner & Pfleinderer Corp.) 
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shape of the die and the speed of the final cutting device. Extrudates are manufacturede with a 
wide range of various additives to improve aroma, taste and smell, and to achieve higher 
quality, taste and characteristic of the product. 
The quality of extrudate product can be determined using different methods 
according to their applicability in different food-industry sectors and can be evaluated by the 
consumer. These include colour, size, shape, taste, smell and structure. 
Tab. 1. 
Examples of extruded foods 
 
Types of product Examples 
Cereal-based products expanded snackfoods 
puffed breakfast cereals 
soup and beverage bases 
instant drinks 
crispbread and croutons 
pasta products 
weaning foods 
pre-cooked composite flours 
pre-gelatinised and modified starches 
Sugar-based products chewing gum 
fruit gums 
toffee, caramel, peanut brittle 
Protein-based products texturised vegetable protein 
semio-moist and expanded pet foods and 




sausage products, hot dogs, frankfurters 
 
Equipments for thermoplastic extrusion in food processing can be divided into two 
types: single-screw and twin-screw extruders (Riaz, 2000). Today, approximately 70 % of the 





















Figure 2. Single-screw extruder: main parts and zones (El Dash 1981). 
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Extruders are made of five parts: pre-conditioning system, feeding system, the screw, 
the barrel and die and cutting mechanism. In the extrusion process, the dry or pre-
conditioning material (depend of the material, moisture content can be between 15...30%) are 
feed to the extruder through a screw reaching the feeding zone. In these zones provided the 
following functions: transportat and mixing of raw material. The mixture is transported in the 
compression zone. In this area there is a decrease of space between the screw and barrel 
which is the consequence of increasing temperature (110...180 0C) and pressure (20...30 atm).  
The result of movement of rotating of the screw will result in pushing in the 
kneading zones. In this area screw channel becomes shallower and the material is compacted. 
A major part of mechanical energy is dissipated in this section, wich results in a rise in the 
temperature of the material. Starch becomes gelatinized and the material becomes cohesive. It 
is transported further by the metering section and pushed through the die opening.  The 
material under high pressure in contact with ambient pressure expands to its final format and 
cools rapidly through water flash-off (Fellows, 2000). In material that is not previously 
conditioned, water is added in liquid or vapour form during the process (El-Dash 1981). The 
product who leaves the extruder is generally submited to a drying process, reaching more and 
less 3% moisture content, as in the case of extruded snacks (Riaz, 2000).  
Single screw-extruders are usually characterized by their lenght to diameter (L/D) 
ratio 5...8 from low-shear forming extruder, 10...20 moderate-shear cooking extruder and 
4...12 high-shear cooking extruder. Their compression ratio is the ratio of maximum channel 
depth to the minimum channel depht. The most commonly used compression ratio is 3...1. 
The mass flow rate capacity of a single-screw extruder is linked to screw speed, screw  
geometries and material characteristics. 
The product who leaves the extruder is generally submitted to a drying process, with 







Figure 3. Screw design (El-Dash, 1981). 
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Main elements that make a screw (figure 3) include: screw lenght, screw diameter, 
screw channel depht, screw channel width, axial flight land width, clearance between screw 
and barrel, screw helix angle, leading flank angle, trailing flank angle, screw pitch, direction 
of drag flow, direction of pressure flow and direction of leakage flow (El-Dash, 1981). 
Barrel or sleeves is divided into feeding, kneading and high pressure zones. The 
sleeves surrounding the screw can be solid, but they are often jacketed to permit circulating of 
steam or superheated oil or water for cooling, thus enabling the precise adjusments of the 
temperature in the various zones of the extruder. Most sleeves are equiped with pressure and 
temperature sensors to control the process during the thermoplastic extrusion. 
Twin-screw extruders are two axis that rotate inside a single barrel; usually the 
internal surface of the barrel of twin-screw extruders is smooth; depending on the position of 
the screws and their direction of rotation are possible four different types of configurations 
(Huber, 2000): screws with intermeshing in the same sense of rotating, screws with 
intermeshing in counter-rotating sense, screws with non-intermeshing in the same sense of 
rotating, screws with non-intermeshing in counter-rotating sense. The intermeshing 
configuration is more effective, as the two screws function as a positive pump, increasing the 
drag flow and reducing the slipping of material in extruder. Non-intermesching screws 
provide higher shear than intermeshing screws because of the open channle between them (El-
Dash, 1981). 
 
RESULTS AND DISCUSSION 
 
The extrusion process occurs the following aspects: 
 raw materials: the most used raw materials in the extrusion process are starch and 
protein based materials; the chemical and physico-chemical changes in biopolymers that can 
occur during extrusion process can include: thermal degradation and recombination, binding, 
cleavage, loss of conformation, leakage of oil and evaporation of water and volatile 
compounds; the structure of extruded product is created by forming a fluid melt form a 
polymer and blowing bubbles of water vapour; after gas expansion, the rapid drop of 
temperature caused by water evaporation and the rapid rise in viscosity due the moisture loss  
solidifies the cell structure. 
 starch: is contained in a large variety of plants crops (cereals, vegetables, tubers); 
the starch granule consist of two different glucose polymers – amylose and amylopectin- 
responsible for its physico-chemical and functional properties; during thermoplastic extrusion, 
amylose and amylopectin are partially hydrolised to maltodextrines, due to the high 
temperature and shear inside the extruder (El Dash et al, 1983); thermoplastic extrusion 
causes swelling and rupture of the starch granule (depending the process conditions and raw 
materials), completely or partially destroying the organized granule structure and releasing 
amylose and amylopectin. The physical nature of cereal flour may affect the final extruded 
product. In the extruder, soft flour will create less mechanical energy between its particle and 
require less mechanical energy to process through the same screw configuration, a longer time 
being necessary before melt formation and less time for the transformation of the melt in 
shearing section (high-pressure zone) (Steel C. J. et all 2006);   
 proteins: proteins are formed from chains of amino acids and have a wide range of 
physical sizes and forms in native raw materials. Proteins in general are classified, with 
respect to their solubility, in albumins, globulins, prolamines and glutelins with solubility in 
water, saline solution, alcohol solution and acid or alkaline solutions, respectively (Pereda et 
al., 2005). Enzymes and proteins lose their solubility in water and saline because of 
temperature during the extrusion process. In the extrusion process, proteins that were found to 
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form a continuous structure are globular proteins from oilseeds such as soybeans, sunflower 
seeds, beans, peas and seeds common cotton and grain, especially protein wheat gluten (Riaz, 
2000, Strahm, 2006). The physical process of extrusion convert proteins in a homogeneous 
matrix, while the chemical process recombines storage proteins in a way structured fibers 
(Stanley, 1998). Distortion solubility during extrusion of protein and inactivate digestive aids 
antinutritional factors (such as antitrypsin, lectins, etc.). Also, extrusion products containing 
soy protein reduces volatile compounds to avoid bitterness and bound by this protein. 
Thermal lamination protein mixture to high humidity content (60%), extrusion is possible at 
relatively high temperatures (> 150 ° C). Humidity level below 60%, lamination requires 
higher temperatures;  
 lipids: have a strong influence in the extrusion (cooking) processes as lubricants, 
because they reduce friction between particles in the mixture between screw and barrel 
surfaces and liquid melt. The extruder, fats and oils are liquid at temperatures above 40 ° C, 
and mixed with other materials are quickly dispersed as fine oil droplets. The presence of 
lipids in quantities less than 3% does not affect the properties of expansion, but in quantities 
greater than 5%, reducing the rate of expansion is considerable (Harper, 1994). Collona et al. 
(1998) suggests that the increase in fat content can be corrected by reducing the moisture 
content condition, so as not to affect the expansion rate of the second generation products. 
Type of starch and lipids present in raw material influences the formation of amylose-lipid 
complexes with free fatty acids and monoglycerides are more favorable to the formation of 
this complex than triglycerides (Mitchell & Fields, 1992, Harper, 1994) the extrusion of wet 
protein, the presence of lipids does not support fiber protein, because the lubricating effect of 
fat decreases the effects of shear and alignment aparticulelor (Akdogan, 1999); 
 fibres: the term "fibers" covers a wide variety of substances with physical, chemical 
and physiological different. Dietary fiber fractions consist of plant cells, polysaccharides, 
lignin, and associated substances resistant to hydrolysis by enzymes present in the human 
digestive system. Other types of fiber can be fermented by bacteria in the colon. Viscous 
soluble fibers form a network that is slow down gastric transit, reducing sugar, fat and sterol 
absorption rates. Soluble fiber is also seen as fermentable substrates because they can change 
the pH and microflora in the colon, leading to a reduction or modification of mutagenic 
agents. Insoluble fiber reduces intestinal transit time, to avoid mutagens in faeces to interact 
with the intestinal epithelium (Thebaudin et al., 1997); 
 moisture and temperature: in the expanded extrusion products with low moisture 
expansion module of the final product is inversely proportional to the humidity raw material 
and proportionally with increasing temperature extrusion, water acts as a plasticizer for the 
starch material moving in the extruder , reducing viscosity and mechanical power drives, 
resulting in higher density products and inhibiting growth of bubbles. Studies with corn meal 
showed that the expansion is inversely proportional to the moisture content of the material 
being extruded (Chinnaswamy, 1993. Colonna et al, 1998). With a higher moisture, starch 
gelatinization bubble growth is reduced and delayed, resulting in finished products denser and 
less crisp. The product contains starch melt inside the extruder, the output of this part of the 
water evaporated quickly. This loss of water is 3 to 5% and contribute to cooling the product. 
After cooling, expansion occurs more slowly because of low thermal conductivity. The final 
product shows air cells, which are formed due to pressure of superheated water vapor. As 
temperature is reduced below extrudatul glass transition temperature, it solidifies and 
maintains its expanded form (Riaz, 2000). The extrudates of high humidity, expansion occurs 
when the product comes out, and internal structure collapses before cooling required, 
resulting in a hard and dense product (Harper, 1994). Another important parameter is 
temperature extruded product expansion process. Products do not expand when the 
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temperature reaches 100 °C. With increasing temperature and moisture content when the 
material is about 20% due to lower viscosity, the product begins to expand case that allows a 
broader molten mass rapidly because of increasing pressure and water vapor. At low 
temperature extrusion, expansion is reduced because starch is not completely melted. The 
degree of radial expansion is proportional to temperature up to a certain value, with values 
decreasing at high temperatures. At high temperatures, molten mass is more elastic, forming a 
matrix with small cells, uniform, while the low humidity is not very elastic gel formed and 
extruded material is not very uniform large cells. Increase temperature to reduce viscosity of 
the molten metal, molten mass favoring bubble growth and extruded to obtain low density, 




After analyzing these theoretical aspects can be drawn the following conclusions: 
 thermoplastic extrusion causes swelling and rupture of the starch granule 
(depending the process conditions and raw materials), completely or partially destroying the 
organized granule structure and releasing amylose and amylopectin; 
 one of the main applications of extrusion of foods high in protein can be 
texturization of the food, which can be used to obtain products that imitates the texture, taste 
and appearance of meat or seafood, with a high nutritional value; 
 low humidity (up to 35%), the extrusion plant proteins can be used to develop 
products that replace all or part meat. Usually, these products must be re-hydrated before use. 
On the other hand, high humidity (> 50%), lead to getting extrusion products should not be re-
hydrated and ready for consumption. 
 the composition of fibrous composite materials include extruded products as 
hemicellulose, cellulose and lignin. Under normal extrusion, these materials tend to remain 
strong and stable during processing, without downsizing. The physical presence of fibers in 
cell walls of air reduces the potential for expansion of the starch film (Guy, 2001), larger 
particles tend to pierce the air cell walls of extruded product, causing a reduction in expansion 
index (Riaz, 2000), and in accordance with Colonna et al. (1998), the maximum degree of 
expansion is closely related to starch content, the maximum extension is obtained for pure 
starches. 
 some authors analyze changes in temperature as high temperature from 140-
180 ° C leads to a decrease in the proportion formed disulfide linked soy protein extrudates. 
Temperatures below 90 °C prevent the expansion and formation extrudatului. At a relatively 
lower moisture content and higher temperatures in the extruder (140-180 °C) will result in 
better textures. At higher humidity, temperature must be low because of water loss can range 
considerably, a high humidity combined with high temperatures produces extruded are very 
soft, which through a specially designed die and that provides cooling of this section will 
increase the viscosity of hot extruded product before you go, helping to correct elasticity and 
fluidity needed for texturization. 
 The temperature at which solidification occurs is related to temperature lamination. 
Low moisture content (15-30%), the extrusion tends to lead the process of obtaining the 
goods at a higher consumption of mechanical energy and products with a lower density, while 
high humidity (50-70%), resulting in extrusion products with higher density, and is normally 
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